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Abstract 
A  simple  method  is  given  for  calciaatlng  double  Laplace  transforms  of 
elementary  solutions  (Green's  functions)  of  linear  second  order  elliptic 
equations  with  constant  coefficients;  a  specialization  to  the  case  of  the 
two-dimensional  reduced  wave  equation  permits  the  evaluation  of  the  new  Bessel 
function  integrals 
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1.   Introduction 

Let  g(x  ,x  )  be  the  Green's  function  (elementary  solution)  of  a  linear 

second  order  elliptic  equation: 

^i^ere  A     =  ^  +  -^  .  ^<i  ^l'^2'^5  "*  arbitrary  constants.  It  is  clearly 
^1^2   b  h 

of  interest  to  calculate  the  double  Laplace  transform  (i.e.,  the  transform  over 
the  first  quadrant  of  the  x^x^  -  plane  (see  [l]  for  theory  and  some  applications 
of  these  transforms  )  of  g(x^,X2).  A  few  such  results  are  knpvn,  notably  the 
transform  of  the  Laplace  eqviation  Green's  function  -  -^   log(  Vx^  +  x^  )• 
(See  [l],  [2].)  In  Section  2  we  deduce  the  transform  in  the  general  case  where 
g(x  ,x  )   satisfies  (l.l);  our  result  is  explicit,  to  within  single  integrals 

of  known  type.  Two  new  Bessel  function  Integrals,  the  transfoms  of  the 

Helmholtz  equation  Green's  functions  J  H^"'"^(k  /x^  +  x^),  -  -5;  H^  (k  Vx^  +  Xg  ) 
are  given,  as  examples  of  our  general  result,  in  Section  5- 

2.  The  general  case 

The  transform  of  interest  is  of  the  form 

/°°  ^°°         -PlVP2^2 
(2.1)        ^if  =  f(x^,X2)e  dx^dx^ 


J 


o   '  o 


where  f(x  ,x  )  vanishes  outside  the  first  quadrant  x^  >  0,  x^  >  0  of  the 

X  X  -plane.  It  is  clear  that^f^f  converges  uniformly  for  Re  p^  >  c^.  Re  p^  >  c^. 

provided  the  real  non-positive  constants  c^,  c^  are  such  that 


OD   ^00 


(2.2) 


f(x^,X2)e 


■°lV°2^2 


dx  dx  <  +  00  . 


The  one-variable  unilateral  transforms 


00 


(2.5) 


:c:f- 


-Pl^l. 


fix^,x^)e  dx^ 


(2A) 


00 


will  be  used  in  the  calculations  which  follow,  as  will  the  operational  relations 
(readily  derived  by  repeated  integration  by  parts;  see  [l] ) 

.  af(x  ,x  ) 

(2.5)  ^^  5^-^-  =  p^»?:^f(x^,X2)  -Xp  f(0,X2) 

df(x  X  ) 

(2.6)  /^  ^-^     =   p^  ;?'/(x^,X2)  -^p  f(x^,0) 


(2.7)    ^1 


A    f(xT,x^) 
x^Xp  ^  1'  2 


o    p 
(Pj^  +  Pg)  flif.j^f(x^,X2) 


-  p^<^^^f(0,X2)  -P2;^J_^f(x^,o) 

Sf(0,X2)        ^f(x^,0) 

-^_     ■^_         -'^_   5 • 


Pg     ^X^ 


Pt   ox. 


We  now  proceed  to  calculate  X-,S'     Applying  Xi  to  (l.l),  we  find 


(2.8)    ^^ 


A   g 

V2 


-< 


(\  ^  ^  ^2  33^  ^  ^ 


1 
IT  ^ 


whei^  the  second  term  on  the  right  follows  from 
(2.9)        /i[-  6(x^)  6(x2)]  =  -  I 

Next,  use  (2.5),  (2.6)  on  the  right  side  and  (2.?)  on  the  left  side  of  (2.8): 
result,  after  simple  algebra, is 


fhe 


5  - 


(2.10) 


eCj^g  -   2    2 

Pl^  P2-^Vl^  ^2-^5 


J  +  (p^  +  a^Vt^  [g(0,X2)]  +  (P2  +  a^)^^  [g(x^,0)] 


+^: 


SgCQ^x^)' 


■^ 


-^/: 


Sg(x^,0) 

— SZ~" 
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The  four  one-variable  transforms  on  the  right  side  of  (2.10)  are  calcvilable  by- 
standard  methods,  for  any  given  values  of  a^,a  ,a  . 

To  verify  (2.10),  ve  apply  the  inverses  of  the  one-variable  transforms yC  , 

^1 
X        (in  either  order:  see  [ij )  to  the  right  side,  vith  the  resxilt  that 

^2 
g(x^,Xp)  is  recovered.   (The  calcvilations  involved  in  the  verification,  although 

somewhat  lengthy  ,  require  only  conto\ar  integration  and  the  one-variable  convolution 

theorem,  eind  are  therefore  omitted.)  It  may  also  be  shown  that  (2.10)  holds 

in  a  domain  Re  p^  >  ^i^  K®  Pp  -^  ^o'   '*'^®^®  *^®  real  non-positive  constants  b^,  b 

are  such  that 

oo  .  00  ,   »,    m 


(2.11) 


g(x^,X2)< 


■^V^2^2 


dx^dXp  <  +  00 


for  m  =  1  or  2. 

5.  Two  Bessel  function  integrals 

It  is  of  particular  interest  for  applications  to  set  a  =  a^  =  0  and 
a-  =  k  in  (1.1),  i.e.,  to  consider  the  Helmholtz  equation  Green's  functions 

(5.1)        h(l).jEW(.V^|T4') 


(5.2) 


,(2)  =  -  i  hI^'  {.  JTTT  ) 


The  transforms  ,r,h^'^%  iC.ir       are  not  to  be  found  in  the  literature,  but  are 
eeusy  exaa^tles  of  OTor  general  result  (2.10).  Notice  that  the  last  two  terms 
on  the  right  side  of  (2.10)  vanish  for  either  h^  '  or  h^   ;  notice  also  that 
■uhe  remaining  one-variable  transforms  in  (2.10)  may  be  evaluated  by  an 
application  of  the  convolution  theorem  and  contour  integration.  Setting 
a  =  a  =  0  and  a  =  k  in  (2.10),  and  denoting 


(5.5) 


+  /p 


for  j  =  1,2 


we  accordingly  have 


(5.i^) 


^^ 


(1) 


2^  2^2 
Pi  P2 


i  + 


VPo+k^ 


(1-  ^  log  P^)  + 


^2   ,,   2i 


V^ 


<1.  ^log  P^) 


(5.5)      ^,^^'^  -  4^2  •  \-' 


^1*^2* 


— (1*  |i  log  P^)  +   ^^ 


/p!*^ 


We  may  pick  out,  from  either  (5.^4-)  or  (5. 5), the  terms  corresponding  to  the 
transform  of  J  (k  vx,-t«  ),  with  the  resxilt 


(1+  fi  log  F^) 


(5.6)  ;CiJo(^v^?^  )  = 


2_2^,  2 
Pl'^2 


lV^ 


v^ 


which  appears  in  the  literature  (see    [l] ,    [2])  although  (3»U),   (3.5)   do  not. 
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Attn:     Mrs.   Mary  G.   Herbst,    Librarian 

Goodyear  Aircraft  Corp. 

1210  Masslllon  Road 

Akron  15,  Ohio 

Attn:  Ubrary  dA20  Plant  A 

Granger  Associates 

Electronic  Systems 

966  Commercial  Street 

Palo  Alto,  California 

Attn:  John  V.  N.  Granger,  President 

Grumman  Aircraft  Engineering  Corporation 
Bethpage,  Long  Island,  N.  Y. 
Attn:  Mrs.  A.  M.  Gray,  Librarian 

Engineering  Library,  Plant  No.  5 

The  Hallicrafters  Company 

UhOl   West  5th  Avenue 

Chicago  2!i,  Illinois 

Attn:  La Verne  LaGloia,  Librarian 

Hoffman  Laboratories,  Inc. 
3761  South  Hill  Street 
Los  Angeles  7,  California 
Attn:  Engineering  Library 

Hughes  Aircraft  Company 
Antenna  Department 
Microwave  Laboratory 
Building  12,  Room  2617 
Culver  City,  California 
Attn:  M.  D.  Adcock 

Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  California 

Attn;  Dr.  L.C.  Van  Atta,  Associate  Director 
Research  Labs. 

Hycon  Eastern,  Inc. 
75  Cambridge  Parkway 
Cambridge,  Mass. 
Attn:  Mrs.  Lois  Seulowitz 
Technical  Librarian 

International  Business  Machines  Corp. 

Military  Products  Division 

590  Madison  Avenue 

New  York  33,  New  York 

Attn:  Mr.  C.F.  McElwain,  General  Manager 

International  Business  Machines  Corp. 
Military  Products  Division 
Owego,  New  York 

Attn:  Mr.  D.  I.  Harr,  Librarian 
Department  li59 

International  Resistance  Company 
UOl  N.  Broad  Street 
Philadelphia  8,  Pa. 
Attn:  Research  Library 

Jansky  and  Bailey,  Inc. 
1339  Wisconsin  Avenue,  N.  W, 
Washington  7,  D.  C. 
Attn:  Mr.  Delmer  C.  Ports 

Dr.  Henry  Jaslk,  Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Electromagnetic  Research  Corporation 
711  Ibth  Street,  N.  W. 
Washington  5,  D.  C. 
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Lockheed  Aircraft  Corporation 

2555  N.  Hollywood  Way 

California  Dlvlaion  Engineering  Library 

Department  72-75,  Plant  A-1,  Bldg.  63-1 

Bnrbank,  California 

Attn:  N.  C.  Harnois 

The  Martin  Company 

P.  0.  Box  179 

Denver  1,  Colorado 

Attn:  Mr.  Jack  McCormlck 

The  Glenn  L.  Martin  Company 
Baltimore  3,  Maryland 
Attni  Engineering  Library 
Antenna  Design  Group 

Maryland  Electronic  Manufacturing  Corp. 
5009  Calvert  Road 
College  Park,  Maryland 
Attnt  Mr.  H.  Warren  Cooper 

Mathematical  Reviews 
190  Hope  Street 
Providence  6,  Rhode  Island 

The  W,  L.  Maitson  Corporation 

b60  West  3Uh  Street 

New  York,  N.  T. 

Attn:     Miss  Dorothy  Clark 

McDonnell  Aircraft  Corporation 

Lambert  Sadnt-Louis  Municipal  Airport 

Box  516,    St.   Louis  3,   Missouri 

Attn:      R.  D.   Drtrlch,    Engineering  Library 

McMillan  Laboratory,    Inc. 

Brownville  Avenue 

Ipswich,   Massachusetts 

Attn:      Security  Officer.    Document  Room 

Melpar,  Inc.  (2) 

3000  Arlington  Boulevard 

Falls  Church,  Virginia 

Attn:  Engineering  Technical  Library 

Microwave  Development  Laboratory 
90  Broad  Street 
Babson  Park  57,  Massachusetts 
Attn:  N.  Tucker,  General  Manager 

Microwave  Radiation  Company  Inc. 

19223  South  Hamilton  Street 

Garden*,  California 

Attn:  Mr.  Morris  J.  Ehrlich,  President 

Chance  Vought  Aircraft,  Ino. 
931b  West  Jefferson  Street 
Dallas,  Texas 
Attn:  Mr.  H.  S.  White,  Librarian 

Northrop  Aircraft,  Inc. 
Hawthorne,  California 

Attn:  Mr.  E.  A,  Freitas,  Library  DeptJlUS 
1001  E.  Broadway 

Remington  Rand  Dniv.  -  Division  of  Sperry 

Rand  Corporation 
1900  West  Allegheny  Avenue 
Philadelphia  29,  Pennsylvania 
Attn:  Mr.  John  F.  McCarthy 

R  and  D  Sales  and  Contracts 

North  American  Aviation,  Inc. 
1221!i  Lakewood  Boulevard 
Downey,  California 
Attn:  Engineering  Library  U95-115 

N-"trth  American  Aviation,  Inc. 
los  Angeles  International  Airport 
Los  Angeles  1:5,  California 
Attn:  Engineering  Technical  File 

Page  Comiminicstions  Engineers,  Inc. 
710  Fourteenth  Street,  Northwest 
Washington  5,  D.  C, 
Attn:  Librarian 

Philco  Corporation  Research  Division 

Branch  Library 

1:700  Wlssachickon  Avenue 

Philadelphia  Uh,   Pa. 

Attn;  Mrs.  Dorothy  S.  Collins 


Pickard  and  Bums,  Inc. 

2bO  Highland  Avenue 

Needhau  9U,  Mass. 

Attn:  Dr.  J.  T.  DeBettencourt 

Polytechnic  Research  and  Development 

Company,  Inc. 

202  Tlllary  Street 

Brooklyn  1,  New  York 

Attn:  Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Maynard,  Mass. 
Attn:  Dr.  John  Ruze 

Radiation,  Inc. 

P.  0.  Drawer  37 

Melbourne,  Florida 

Attn:  Technical  Library,  Mr.  M.L.  Cox 

Radio  Corp.  of  America 

RCA  Laboratories 

Rocky  Point,  New  York 

Attn:   P.  S.  Cai-ter,  Lab.  Library 

RCA  Laboratories 
David  Sarnoff  Research  Center 
Princeton,  New  Jersey 
Attn;  Miss  Fern  Cloak,  Librarian 
Research  Library 

Radio  Corporation  of  America 
Defense  Electronic  ProJucta 
Building  10,  Floor  7 
Camden  2,  New  Jersey 
Attn:  Mr.  Harold  J.  Schrader 

Staff  Engineer,  Organization 

of  Chief  Technical 

Administrator 

The  Ramo-Wooldridge  Corporation 
P.O.  Box  1:51:53  Airport  Station 
Los  Angeles  1:5,  California 
Attn:  Margaret  C.  Whitnah, 
Chief  Librarian 

Hoover  Microwave  Co. 
9592  Baltimore  Avenue 
College  Park,  Marvland 

Director,  tJSAF  Project  RAND 

Via:  Air  Force  Liaison  Office 

The  Rand  Corporation 

1700  Main  Street 

Santa  Monica,  California 

Rantec  Corporation 

Calabasas,  California 

Attn:  Grace  Keener,  Office  Manager 

Raytheon  Manufacturing  Company 
Missile  Systems  Division 
Bedford,  Mass. 
Attn:  Mr.  Irving  Goldstein 

Raytheon  Manufacturing  Company 
Wayland  Laboratory,  State  Road 
Way land,  Mass. 
Attn:  Mr.  Robert  Borts 

Raytheon  Manufacturing  Comnany 
Wayland  Laboratory 
Wayland,  Mass. 

Attn:  Miss  Alice  G,  Anderson, 
Librarian 

Republic  Aviation  Corporation 
Farmingdale,  Long  Island,  N.  Y. 
Attn:  Engineering  Library 

Thru:  Air  Force  Plant  Representative 
Republic  Aviation  Corp. 
Farmingdale,  Long  Island,  N.Y. 

Rheem  Manufacturing  Conipany 
9236  East  Hall  Road 
Downey,  California 
Attn:  J.  C.  Joerger 

Trans-Tech,  Inc. 
P.  0.  Box  3U6 
Frederick,  Maryland 


Ryan  Aeronautical  Company 
Lindbergh  Field 
San  Diego  12,  California 
Attn:  Librar"/  -  unclassified 

Sage  Laboratories 
159  Linden  Street 
Wellesley  81,  Mass. 

Sanders  Associates 
95  Canal  Street 
Nashua,  New  Hampshire 
Attn:  N.  R.  Wild,  Library 

Sandla  Corporstion,  Sandia  Base 

P.O.  Box  S'^OO,  Albuquerque,  New  Mexico 

Attn:  Classified  Document  Division 

Sperry  Gyroscope  Company 

Great  Meek,  Long  Island,  New  York 

Attn:  Florence  W.  Tumbull,  Engr.  Librarian 

Stanford  Research  Institute 

Menlo  Park,  California 

Attn;  Library,  Engineering  Division 

Sylvanla  Electric  Products,  Inc. 
7,00  First  Avenue 
Waltham  51:,  Mass. 

Attn:  Charles  A.  Thornhill,  Report  Librarian 
Walthan  Laboratories  Library 

Systems  Laboratories  Corporation 
lL''52  Ventura  Boulevard 
Sherman  Oaks,  California 
Attn:  Donald  L.  Margerujn 

TRG,  Inc . 

17  Union  Square  West 

New  York  3,  N.  Y. 

Attn:  M.  L.  Henderson,  Librarian 

A.  S.  Thomas,  Inc. 

161  Devonshire  Street 

Boston  10,  Mass. 

Attn:  A.  S.  Thomas,  President 

Bell  Telephone  Laboratories 
Hurray  Hill 
New  Jersey 

Chu  Associates 

P.  0,  Box  3P7 
Whitcomb  Avenue 
Littleton,  Mass. 

Microwave  Associates,  Inc. 
Burlington,  Mass, 

Raytheon  Manufacturing  Company 
Missile  Division 
Hartwell  Road 
Bedford,  Mass. 

Radio  Corporation  of  America 
Aviation  Systems  Laboratory 
225  Crescent  Street 
Waltham,  Mass. 

Lockheed  Aircraft  Corporation 
Missile  Systems  Division  Research  Library 
Box  50U,  Sunnyvale,  California 
Attn:  Miss  Eva  Lou  Robertson, 
Chief  Librarian 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:  Dr.  W.  C.  Hoffman 

Commander 

AF  Office  of  Scientific  Research 

Air  Research  and  Development  Com-iand 

lljth  Street  and  Constitution  Avenue 

Washington,    D.   C. 

Attn:     Mr.  Otting,    SRY 

Westlnghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int'l  Airport  Box  71:6 
Baltimore  3,   Maryland 
Attn;     Engineering  Library 
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WheelBr  Laboratories,  Inc. 
122  Cutter  Hill  Road 
r,reat  Neck,  New  York 
Attn:  Mr.  Harold  A.  Wheeler 

Zenith  Plastics  Co. 
Box  91 

Cardana,  California 
Attn:  Mr.  S.  S.  Oleesky 

Library  Geophysical  Institute 
of  the"  University  of  Alaska 
College 
Alaska 

University  of  California 

Berkeley  h,   California 

Attni  Dr.  Samuel  Silver, 

Prof.  Engineering  Science 
Division  of  Elec.  Eng.  Electronics 
Research  Lab. 

University  of  California 
Electronics  Research  Lab. 
332  Cory  Hall 
Berkeley  U,  California 
Attn:  J.  R.  Whinnery 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
liBOO  Oak  Crove  Drive 
Pasadena,  California 
Attn:  Mr.  I.  E.  Heulan 

California  Institute  of  Technology 
1201  E.  California  Street 
Pasadena,  California 
Attn:  Dr.  C.  Papas 

Carnegie  Institute  of  Technology, 
Sohenley  Park 

Pittsburgh  13,  Pennsylvania 
Attn:   Prof.  A.  E.  Heins 

Cornell  University 

School  of  Electrical  Engineering 

Ithaca,  New  York 

Attn:  Prof.  G.  C.  Dalman 

University  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,  Florida 

Attn:  Prof.  M.  H.  Latour,  Library 

Llh'-ary 

Georgia  Institute  of  Technology 

Engineering  Experiment  Station 

Atlanta,  Georgia 

Attn:  Mrs.  J.H.  Crosland,  Librarian 

Harvard  University 

Technical  Reports  Collection 

Gordon  McKay  Library,  303A  Pierce  Hall 

Oxford  Street,  Cambridge  31,  Mass. 

Attn:  Mrs.  E.L.  Hufschmidt,  Ubrarian 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge  39,  Mass. 
Attn:  Dr.  Fred  L.  Whipple 

University  of  Illinois 
Documents  Division  Library 
Urbana,  Illinois 

University  of  Illinois 
College  of  Engineering 
Urbana,  Illincls 

Attn:  Dr.  P.  E.  Moyes,  Department  of 
Electrical  Engineering 

The  Johna  Hopkins  University 
Homewood  Campus 
Department  of  Physics 
Baltimore  18,  Maryland 
Attn:  Dr.  Donald  E.  Kerr 

Sandia  Corporation 
Attn:  Organization  l!i23 
Sandia  Base 
AlbuTuernue,  New  Mexico 


Applied  Physics  Laboratory 
The  Johfls Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
Attn:  Mr.  George  L.  Seielstad 

Massachusetts  Institute  of  Technologv 

Research  Laboratory  of  Electronics 

Room  20B-221 

Cambridge  39,  Massachusetts 

Attn:  John  H.  Hewitt 

Massachusetts  Institnte  of  Technology 

Lincoln  Laboratory 

P.  0.  Box  73 

Lexington  73,  Mass. 

Attn:  Document  Room  A-229 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Ann  Arbor,  Michigan 
Attn:   J.  A.  Boyd,  Supervisor 

University  of  Michigan 
Engineering  Research  Institute 
Radiation  Laboratory 
Attn:  Prof.  K.  M.  Siegel 
912  N.  Main  St., 
Ann  Arbor,  Michigan 

University  of  Michigan 
Engineering  Research  Institute 
Willow  Run  Laboratories 
Willow  Run  Airport 
Ypsilanti,  Michigan 
Attn:  Librarian 

University  of  Minnesota 

Minneapolis  lb,  Minnesota 

Attn;  Mr.  Robert  H.  Stumm,  Library 

Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
Attn;  R.  E.  Beam 

Ohio  State  University  Research  Found. 
Ohio  State  University 
Columbus  10,  Ohio 
Attn:  Dr.  T.E.  Tlce 

Dept.  of  Elec.  Engineering 

The  University  of  Oklahoma 
Research  Institute 
Norman,  Oklahoma 

Attn:  Prof.  C.  L.  Farrar,  Chairman 
Electrical  Engineering 

Polytechnic  Institute  of  Broo)clyn 

Microwave  Research  Institute 

55  Johnson  Street 

Brooklyn,  New  York 

Attn:  Dr.  Arthur  A.  Oliner 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
5?  Johnson  Street 
Brooklyn,  New  York 
Attn:  Mr.  A.  E.  Laemmel 

Syracuse  University  Research  Institute 
Collendale  Campus 
Syracuse  10,  New  York 
Attn:  Dr.  C.  S.  Grove,  Jr. 

Director  of  Engineering  Research 

The  University  of  Texas 
Elec.  Engineering  Research  Laboratory 
P.  0.  Box  8026,  University  Station 
Austin  12,  Texas 
Attn:  Mr.  John  R.  Gerhardt 
Assistant  Director 

The  University  of  Texas 

Defense  Research  Laboratory 

Austin,  Texas 

Attn:  Claude  W.  Horton,  Physics  Library 

University  of  Toronto 

Department  of  Electrical  Engineering 

Toronto,  Canada 

Attn;   Prof.  G.  Sinclair 


Lowell  Technological  Institute 
Research  Foundation 
P.  0.  Box  709,  Lowell,  Mass. 
Attn:  Dr.  Charles  R.  Mingins 

University  of  Washington 

Department  of  Electrical  Engineering 

Seattle  5,  Washington 

Attn:  G.  Held,  Associate  Professor 

Stanford  University 
Stanford,  California 
Attn:  Dr.  Chodorow 

Microwave  Laboratory 

Physical  Science  Laboratory 

New  Mexico  College  of  Agriculture 

and  Mechanic  Arts 

State  College,  New  Mexico 

Attn:  Mr.  H.  W.  Haas 

Brown  University 
Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
Attn:  Dr.  C.  M.  Angulo 

Case  Institute  of  Technology 

Cleveland,  Ohio 

Attn:   Prof.  S.  Seeley 

Columbia  University 

Department  of  Electrical  Engineering 

Homingside  Heights 

New  York,  N.  Y. 

Attn:  Dr.  Schlesinger 

HcGlll  University 

Montreal,  Canada 

Attn:  Prof.  Q.  A.  Woonton 

Director,  The  Eaton  Electronics 

Research  Lab. 

Purdue  University 

Department  of  Electrical  Engineering 

Lafayette,  Indiana 

Attn:  Dr.  Schulta 

The  Pennsylvania  State  University 
Department  of  Electrical  Engineering 
University  Park,  Pennsylvania 

University  of  Pennsvlvanla 

Institute  of  Cooperative  Research 

3bOO  Walnut  Street 

Philadelphia,  Pennsylvania 

Attn:  Dept.  of  Electrical  Engineering 

University  of  Tennessee 
Ferris  Hall 
W.  Cumberland  Avenue 
Knoxvllle  16,  Tennessee 

University  of  Wisconsin 
Department  of  Electrical  Engineering 
Madison,  Wisconsin 
Attn:  Dr.  Scheibe 

University  of  Seattle 

Department  of  Electrical  Engineering 

Seattle,  Washington 

Attn:  Dr.  D.  K.  Reynolds 

Wayne  University 

Detroit,  Michigan 

Attn:  Prof.  A.  F.  Stevenson 

Electronics  Research  Laboratory 
Illinois  Institute  of  Technology 
3300  So.  Federal  Street 
Chicago  16,  Illinois 
Attn:  Dr.  Lester  C.  Peach 
Research  Engineer 

Advisory  Group  on  Electronic  Parts 

Room  103 

Moore  School  Building 

200  South  33rd  Street 

Philadelphia  h,    Pennsylvania 


Ionosphere  Research  Laboratory 

Pennsylvania  State  College 

State  College,  Pennsylvania 

(iTTNt  Professor  A.  H.  Wayniok,  Director 
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Institute  of  Mathematical  Sciences 
2?  Waverly  Place 
New  York  3,  'Jevi  York 
ATTNt  Librarian 

Electronics  Division 
Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
ATTN:  Dr.  Robert  Kalaba 

National  Bureau  3f  Standards 

Washington,  D.  C. 

MTN:  Dr.  W.  K.  Saunders 


Applied  Mathematics  and  Statistics  Lab. 

Stanford  University 

Stanford,  Qillfomia 

ATTN:  Dr.  Albert  H.  Bowker 

Department  of  Physics  and  Astr:nomy 
Michigan  State  College 
East  Lansing,  Michigan 
ATTN:  Dr.  A.  Leitner 

Hniversiti'  of  Tennessee 
Knoxvllle,  Tennessee 
ATTN:  Dr.  Fred  A.  Ficken 

Lebanon  Valley  College 
Annville,  Pennsylvania 
ATTN:  Professor  B.H.  Bissinger 

General  Atomic 

P.  0.  Box  608 

San  Diego  12,  California 

Attn:  Dr.  Edward  Oerjuoy 

Department  of  Physics 
Amherst  College 
Amherst,  Mass. 
ATTN:  Dr.  Arnold  Arons 

California  Institute  of  Technology 
1201  E.  California  Street 
Pasadena,  California 
ATTN:  Dr.  A.  Erdelyl 

Mathematics  Department 

Stanford  University 
Stanford,  California 
ATTN:  Dr.  Harold  Levins 

University  of  Minnesota 

Hinnpapolis  Vt,   Minnesota 

ATTN:  Professor  Paul  C.  Rosenbloom 

Department  of  Mathematics 

Stanford  University 

Stanford,  California 

ATTN:  Professor  Bernard  Epstein 

Applied  Physics  Laboratory 
The  JohrP  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
ATTN:  Dr.  B.  S.  Gourary 

(2)Exchange  and  01ft  Division 
The  Library  of  Congress 
Washington  2S,  D.  C. 

Electrical  Engineering  Department 
Massachusetts  Institute  of  Technology 
Cambridge  39,  Mass. 
ATTN;  «r.  L.  J.  Chu 

Nuclear  Developrent  Associates,  Inc. 

5  New  Street 

White  Plains,  New  York 

ATTN:  Library 

California  Institute  of  Technology 

Electrical  Engineering 

Pasadena,  California 

ATTN:  Dr.  Zohrab  A.  Kaprielian 


Dr.  Rodman  Doll 
311  W.  Cross  Street 
Ypsilantl,  Michigan 

California  Inst,  of  Technology 
Pasadena,  California 
ATTN:  Mr.  Calvin  Wilcox 

Mr.  Robert  Brockhurst 

Woods  Hole  Oceanographic  Institute 

Woods  Hole,  Mass. 

National  Bureau  of  Standards 
Boulder,  Colorado 
ATTN:  Dr.  R.  Gallet 

Dr.  Solomon  L.  Schwebel 

3689  Louis  Road 

Palo  Alto,  *3alifomia 

University  of  Minnesota 
The  University  of  Library 
Minneapolis  lb,  Minnesota 
ATTN:  Exchange  Division 

Department  of  Mathematics 
University  of  California 
Berkeley,  California 
ATT'^:   Profesror  Bernard  Friedman 

Lincoln  Laboratory 

Massachusetts  Institute  of  Technology 

P.  0.  Bex  73 

Lexington  73,  Massachusetts 

ATTN:  Dr.  Shou  Chin  Wang,  Room  C-351 

Melpar,  Inc., 

3000  Arlington  Boulevard 

'='all3  Church,  Virginia 

ATTN:  Mr.  K.  S.  Kelleher,  Section  Head 

Hq.  Air  Force  Cambridge  Research  Center 

Laurence  G.  Hanscom  Field 

Bedford,  Mass. 

ATTN:  Mr.  Francis  J.  Zucker,  CRRD 

Hq.  Air  Force  Cambridge  Research  Center 

Laurence  G.  Hanscom  Field 

Bedford,  Mass. 

ATTN:  Dr.  Philip  Newman,  CRRK 

Mr.  N.  C.  Gerson 

Trapelo  Road 

South  Lincoln,  Mass. 

Dr.  Richard  B.  Barrar 
Systems  Development  Corp. 
2I1OO  Colorado  Avenue 
Santa  Monica,  California 

Columbia  University  Hudson  Laboratories 
P.O.  Box  239 

IW  Palisade  Street,  Dobbs  Ferry,  N.  Y. 
ATTN:  Dr.  ^.  W.  Johnson 

Institute  of  Fluid  Dynamics 
and  Applied  Mathematics 
University  of  Maryland 
College  Park,  Maryland 
ATTN:  Dr.  Elliott  Montroll 

Department  of  Electrical  Engineering 

Washington  University 

Saint  Louis  5,  Mo. 

ATTN:   Professor  J.  Van  Bladel 

Department  of  the  Navy 

Office  of  Naval  Research  Branch  Office 

1030  E.  Green  Street 

Pasadena  1,  California 

Brandeis  University 
Waltham,  Mass. 
ATTN:  Library 

General  Electr'c  Company 
Mictowave  Laboratory 
Electronics  Division 
Stanford  Industrial  Park 
Palo  Alto,  California 
ATTN :  Library 


Smyth  Research  Associates 
3555  Aero  Court 
San  Diego  3,  California 
ATTN;  Dr.  John  B.  Smyth 

Electrical  Engineering 
California  Institute  of  Technology 
Pasadena,  California 
ATTN:  Dr Gorges  G.  Weill 

Naval  Research  Laboratory 

Washington  25,  D.  C. 

ATTN:  Henry  J.  Passerini,  Code  527oA 

Dr.  George  Kear 
5  Culver  Court 
Orinda,  California 

Brooklyn  Polytechnic 

85  Livingston  Street 

Brooklyn,  New  York 

ATTN;  Dr.  Nathan  Marcuvltz 

Department  of  Electrical  Engineering 
Brooklyn  Polytechnic 
85  Livingston  Street 
Brooklyn,  New  York 
ATTN:  Dr.  Jerry  Shraoys 

Department  of  Mathematics 
University  of  New  Mexico 
Albuquerque,  New  Mexico 
ATTN:  Dr.  I.  Kolodner 

Mathematics  Department 
Polytechnic  Institute  of  Brooklyn 
Johnson  and  Jay  Street 
Brooklyn,  New  York 
ATTN;  Dr.  Harry  Hochstadt 

Ballistics  Research  Laboratory 
Aberdeen  Proving  Grounds 
Aberdeen,  Maryland 
ATTN:  Dr.  Pullen  Keats 

Dr.  Lester  Kraus 
b935  Whitehaven  Way 
San  Diego,  California 

University  of  Minnesota 
Institute  of  Technology 
Minneapolis,  Minnesota 
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